ABSTRACT
years. In additions, malaria is an important cause of still birth, infant mortality, low birth weight and blood transfusions errors [4] .
In Africa, at least 24 million pregnancies are threatened by malaria each year and malaria in Africa is estimated to cause up to 45 % of maternal anaemia and 35 % of preventable low birth weights [5] , [6] , [10] , [11] . Experts foresee as much as a 20 % annual increase in Africa's rate of malaria related illnesses and death (Facer, 1997) .
In Cameroon, malaria remains the first cause of morbidity and mortality. About 3 million clinical cases occur annually (about 95 cases in every 1 000 inhabitants) (PNTP, 1999) and it accounts for; 40 to 45 % of mortality in children below 5 year, 45 to 50 % of persons presenting complaints and 40 % of hospitalizations [6] .
Generally, individuals living in endemic areas of malaria tend to acquire immunity, with age, such that susceptibility to the pathogen and pathology of malaria infections reduces with age [5] , [7] , [13] , [14] , [15] . Exceptions are seen in children below 5 years of age and in pregnant women [8] who are more vulnerable to malaria infection than non-pregnant women or adult men of the same age.
Malaria, which had been effectively suppressed in many parts of the world, is undergoing resurgence [8] . In developing countries, the burden of malaria has tremendous social and economic impact on a large scale. This caused the WHO to device a multi-component eradication program based on providing families with information necessary to prevent, recognise and treat malaria at home. Since the proper management of malaria is still a problem in Cameroon [8] . Even the use of anti-malaria prophylaxis during pregnancy and the development of a vaccine is still a problem.
More centres for the study and control of malaria are being created and modern technique for the diagnosis being embraced [5] , [15] . These programs also included vector control, the use of curative and prophylactic chemotherapy and the development of a vaccine.
The African summit on Roll Back malaria, October and March. The temperatures are high and fairly constant ranging between 25°c and 30°c on the average that characterize this climate [9] .
Study duration and population
This study was conducted from February to The Giemsa staining method was used to detect malaria parasites in blood films on slides and the culter counter to determine full blood counts.
However, other processes could also be used to detect malaria parasites such as, the Diffquick staining technique with the field stains which is not so oftenly used in many diagnostic laboratories.
The Giemsa staining technique involved the staining of two prepared blood films; the thick and the thin blood films.
•
Preparation of thin Blood Film
The thin blood film was made as follows; a drop of blood was put at one end of a well cleaned and grease-free slide, and a spreader was used to produce a uniform spread of the blood over the slide such that a feathery tail end was achieved. The slide was then kept at a dry surface to air dry after which it was fixed with alcohol (95%) or with May Grunward fixative. The fixed slides were then stained with Giemsa stain made from a concentrated stock solution as follow; 3 drops of the stain to 2 ml of distilled water and allowed for a staining duration of 8 to 10 minutes after which it was washed, air dried and observed using the x100 oil immersion objective [5] .
When the thin blood films were examined, the following ware seen: RBCs and WBCs .
Preparation of thick Blood Film
Unlike the thin blood films, the thick blood films were made just by spreading a drop of blood at the centre of a clean grease-free slide in order to defibrinize the blood. It was allowed to air dry after which it was stained with the Giemsa stain for 8 to 10 minutes without fixing with alcohol or may gunwale fixative [5] . When the thick blood film was examined, using the x100 objective and the x7 ocular, the following were seen: remains of red blood cells; white blood cells (Leukocytes) and platelets (thrombocytes).
The thick blood film consisted of many dehaemoglobinized red blood cells packed together in a thick mass since after staining with the Giemsa stain , the water in the stain acted on unpreserved red blood cells that caused the contents of the cells to dissolute in the water; hence dehaemoglobinization .
Examination of Blood Films for Malaria Parasite Recognition
Malaria parasites were found to take up Giemsa stain in a special way in both the thick and thin blood films.
Since the malaria parasites are known to pass through a number of developmental stages; in all the stages however, the same parts of the parasite were stained with the same colour: chromatin (part of the parasite nucleus) that is usually round in shape was stain deep red.
The cytoplasm was presented in a number of forms; from a ring shape to a totally irregular shape. It was noticed to stain blue, although the shade of the blue could vary among the malaria species.
Stages of the Malaria Parasite
The 
Examination of the thick blood film
Routinely, thick blood films were examined.
Provided that they had been well-made and stained before autofixation could take place.
Occasionally, however, it was difficult to tell the difference between the mature trophozoites and the gametocytes of P. vivax and between P. malaria trophozoites and rounded P. falciparum gametocytes. Also it was not possible to distinguish between the late trophozoites and gametocytes of P. malaria in thick films, but the need to know whether gametocytes could be present in the blood was usually confronted to a P. falciparum.
However, the routine examination of a thick blood films was based on the examination of 100 good fields. That is a slide was pronounced negative only after no parasite was found in 100 fields; some further 100 fields were examined if parasite were present before a final identification of species made.
This ensured there was little or no possibility of a mixed infection when more than one species was present in the blood film being overlooked, though P. falciparum is known to be the major cause of malaria infections in Africa. The technique in which the thick film examination was done was as follows:
Step 1: The slide was focused using objective 10 and the reading area was selected. A part of the film that was well stained, free of staining debris, and well populated with white blood cells was selected. The film was well made and of even thickness such that there was no problem but poor quality films needed to be searched extensively.
Step 2: The immersion oil was placed on the thick film.
Step 3: The x100 oil immersion objective was then swivelled over the selected portion of the blood film.
Step 4: The oil immersion objective was then lowered until it touched the immersion oil.
Step 5: The blood film was then examined, by moving along the edges of the thick film, then moving in a lateral movement and so on.
Step 6: In order to determine whether the blood film was positive or negative for malaria, continued examination for 20 to 30 fields was made. If any doubtful diagnosis were made, more fields (up to 100) were examined.
The findings were then recorded at the end of the examination on an appropriate record form and the results were included with a parasite count.
THE PARASITE COUNT
Parasite counts for the blood film were necessary for the following reasons: the physician could want to know how severe the malaria was and whether the malaria parasites were responding to anti-malarial treatment
given. The parasite counts were especially important in P. falciparum infection as they are known to be potentially fatal. The district health officer could need to know the severity of malaria infection being seen on the local health facilities. Also, the data could be needed for special purposes, such as testing the sensitivity of parasites to anti-malarial drugs.
Several methods of determining the number of parasites; among them the "number of parasite per micro litre of blood" was used as described, below: 
STATISTICAL ANALYSIS
Data generated was analysed manually and differences were considered significant at Pvalue ≤ 0.05.
RESULTS

DEMOGRAPHIC DATA
The study was conducted within February and Plasmodium falciparum malaria (Table 4 .1).
The subjects were stratified into the following age groups; <15 years (25 subjects), 15 to 30 years (29 subjects), 31 to 45 years (31 subjects) and > 45 years (15 subjects) (Table 4 .1).
MALARIA PARASITE DENSITY
Parasite load was fairly low, ranging from ≤500 parasites per microlitre of blood to >1500 parasites per microlitre of blood with a mean (±SD) of 680.40 (±1105.59) parasite per microlitre of blood. As far as age was concern, it was observed that the age group 31 to 45 years had the highest occurrence of malaria infections with a generally low parasitaemia, whereas, the age group <15 years had the highest occurrence of subjects with the highest parasitaemia of >1500 parasites per microlitre of blood. In addition, the age group >45 years had the lowest occurrence of malaria infections also with a generally low parasitaemia.
However, there was no statically significant difference in the occurrence of malaria infection in the various age groups (P-value = 0.19).
DISTRIBUTION OF MALARIA PARASIT DENSITY ACCORDING TO AGE GROUPS
The age group 30 to 45 years had the highest infection rate. Many of the cases had parasitaemia of ≤500 parasites/µl of blood, and a majority of them (90%) had parasitaemia ≥320 parasitaemia/µl of blood. There was no statistically significant difference in the parasite density among the different ages ( (Table 4 .2). 
DISTRIBUTION OF MALARIA PARASITE DENSITY AS INFLUENCED BY BOTH AGE AND SEX
It was observed that in all the various age groups, females had the highest prevalence of malaria parasitaemia also with the highest occurrence with the highest parasitaemia >1500 parasites/µl of blood. There was no statistically significant difference (Table 4. 3).
VARIATION OF BLOOD CELL COUNTS FROM THE NORMAL COUNTS BASED ON SEX
Generally, more patients were observed with relatively low red blood cell counts and haemoglobin concentrations with many females than males. In addition none of the sexes had [Hb] and RBC greater than normal. 
VARIATION OF BLOOD COUNTS FROM THE NORMAL COUNTS BASED ON AGE
It was observed that the age group <15 years had highest white blood cell counts and the age groups 31 to 45 years and >45 years had the lowest white blood cell counts.
In addition, all the age groups were observed to have fairly low red blood cell and haemoglobin concentration.
Moreover, the age group <15 years was observed to have low mean cell volumes and mean cell haemoglobin counts, hereas the other age groups had fairly normal counts (Table 4 .5). 
DISTRIBUTION OF BLOOD CELL INDICES WITH THE AGES OF SUBJECTS AT THE LIMBE PROVINCIAL HOSPITAL
VARIATION OF THE DIFFERENTIAL WHITE BLOOD CELL COUNTS AND PLATELET COUNTS FROM THE NORMAL COUNTS
From observation, it was found that, more than 70% of the subjects had a fairly normal differential white blood cell counts and platelet counts. However, 25% of the subjects had lower lymphocyte and monocyte counts whereas, 12% showed up with high granulocyte counts (Neutrophils, Basophiles and Eosinophils). The platelets count was observed to be equally distributed with equal percentages of occurrence with high and low counts (Table 4 .6). 
HAEMOGLOBIN AND ANAEMIA STATUS
Sixty subjects were observed to have haemoglobin levels <11g/dl, which was an indication of anaemia. Forty subjects were 
DISTRIBUTION OF HAEMOGLOBIN WITH RESPECT TO PARASITE DENSITY AND BASED ON THE VARIOUS AGE GROUPS
Based on observation, anaemia was mild. Mild anaemia subjects had lower haemoglobin levels than non-anaemic subjects. The mean haemoglobin levels for mild-anaemic subjects was as follows based on the various age ranges: 7.6 (±2.2)g/dl in <15 years subjects; 8.1 (±1.8) g/dl in 15 to 30 years subjects;
9.3(±2.0)g/dl in 30 to 45 year old subjects and 8.1 (±2.0) g/dl in > 45 years subjects. It was observed that the anaemia status decreased from <15 years to 30 to 45 years old subjects and then increased in >45 years old subjects. In the other hand, it was observed that, parasitaemia decreased from <15 years old subjects. However, in the non-anaemic subjects, it was observed that haemoglobin concentrations were fairly constant and normal, while the parasite density was observed to be highest in <15 years subjects, higher in >45 years subjects and high in 15 to 30 years and 30 to 45 years old subjects (Table   4 .7). 
RELATIONSHIP BETWEEN PARASITAEMIA AND ANAEMIA STATUS
A majority of the subjects who were anaemic had parasite densities of ≤500 parasites/µl with about 90% of them presenting parasite densities of ≥320 to 640 parasites/µl of blood. Also, the majority of those who were non-anaemic had parasite densities ≤ 500 parasites/µl of blood (Table 4 .8). 
DISTRIBUTION OF PARASITE DENSITY AND BLOOD CELL INDICES ACCORDING TO
ANAEMIA STATUS
It was observed that, the mean (±SD) parasite density in the anaemic subjects was higher than in the non-anaemic subjects. The mean (±SD) haemoglobin concentration, mean cell volume, mean cell haemoglobin and red blood cell counts were higher in non-anaemic patients than in anaemic patients. The mean (±SD) total white blood cell counts was higher in the anaemic patients.
Based on the differential white blood cell counts, there was a fairly equal lymphocyte and monocyte counts in both the anaemic and non-anaemic patients, a fairly higher granulocyte (Neutrophil, Basophile Eosinophil) count was observed in the nonanaemic patients. Finally, a higher mean (±SD) platelets count was observed in anaemic patients (Table 4 .9). There was no correlation between malaria parasite density and platelet count (P > 0.5).
Thus from data in table 4.10, The H1 Hypothesis was rejected. Hospital (CHU) [7] and to that reported from Buea on asymptomatic malaria and haemoglobin levels in primary school pupils To conclude, from statistical correlation analysis, the following was observed:
A negative correlation between the parasite density and the age of the subjects; the parasite density and the haemoglobin concentration; mean corpuscular volume; and the mean cell haemoglobin.
A positive correlation between the parasite density and the WBC; RBC and the white blood cell differential count.
In addition, it was observed that no correlation exists between the parasite density and the platelets count and the parasite density did not seem to have any significant effect on the blood cell counts. 
